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While pulsed-field gel electrophoresis (PFGE) is recognized as the gold standard method for clonality analysis, MALDI-TOF MS
has recently been spotlighted as an alternative tool for species identification. Herein, we compared the dendrograms of multi-drug-
resistant (MDR) Acinetobacter baumannii isolates by using MALDI-TOF MS with those by using PFGE. We used direct colony
and protein extraction methods for MALDI-TOF MS dendrograms. The isolates with identical PFGE patterns were grouped into
different branches in MALDI-TOF MS dendrograms. Among the isolates that were classified as very close isolates in MALDI-
TOF MS dendrogram, PFGE band patterns visually showed complete differences. We numeralized similarity among isolates by
measuring distance levels. The Spearman rank correlation coefficient values were 0.449 and 0.297 between MALDI-TOF MS
dendrogram using direct colony and protein extraction method versus PFGE, respectively. This study is the first paper focusing
solely on the dendrogram function of MALDI-TOF MS compared with PFGE. Although MALDI-TOF MS is a promising tool to
identify species in a rapid manner, our results showed that MALDI-TOF MS dendrograms could not substitute PFGE for MDR
Acinetobacter baumannii clonality analysis.
1. Introduction
Over the years, various typing methods for the detection
of bacterial outbreaks have changed from phenotypic to
genomic approaches [1]. Among the various genomic typing
methods, pulsed-field gel electrophoresis (PFGE) is recog-
nized as the gold standard [2, 3].
Matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS) has recently been
spotlighted as a powerful tool for the identification of
a broad spectrum of bacterial species and has now become
the major identification tool in clinical microbiology labo-
ratories worldwide [4]. In addition, dendrograms based on
main spectrum projection (MSP) usingMALDI-TOFMS are
provided without any cost or additional manual procedures.
However, this function was evaluated only in a limited
number of bacterial species, such as Klebsiella pneumonia
[5], vancomycin-resistant enterococci [6],Escherichia coli [7],
and Listeria species [8].
Multi-drug-resistant (MDR) Acinetobacter baumannii
(A. baumannii) outbreaks have been recognized as an
increasing threat in hospitals. Numerous nosocomial
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outbreaks of A. baumannii, especially in intensive care
units (ICUs), have been reported [9, 10]. The application
of MALDI-TOF MS for the rapid detection of carbapenem
resistance in a large series of A. baumannii clinical isolates
has been evaluated [11, 12]; however, the application of A.
baumannii MALDI-TOF MS dendrograms has never been
reported.
Herein, we evaluated whether the MALDI-TOF MS den-
drogram is a candidate method to substitute for the current
standard PFGE by examining MDR A. baumannii clonality
based on isolates obtained over a short-term period from an
ICU.
2. Materials and Methods
2.1. Clinical Specimen Collection, Culture, and Species Identi-
fication Using MALDI-TOF MS. Thirty MDR A. baumannii
isolates from respiratory tract specimens (e.g., sputum or
endotracheal aspirate) were obtained from 29 patients in an
ICU from June 3 to July 14, 2013. In addition, two isolates from
ICU environmental samples were included for a total of 32
specimens.
Culture samples were inoculated onto sheep blood and
MacConkey agar plates (Asan Pharmaceutical, Seoul, Korea)
and then cultured overnight at 37∘C in a 5% CO
2
incubator.
Isolates were identified to species using the VITEK 2GN
card and the VITEK 2 system (bioMe´rieux, Marcy-l’E´toile,
France). Antimicrobial susceptibility was determined using
AST N212 cards (bioMe´rieux).
There are several different sample preparation methods
for MALDI-TOFMS [13]. Since different sample preparation
methods can directly affect results, we implemented the
two most commonly used principles, the direct colony and
protein extraction methods. We followed the manufacturer’s
standardized protocols provided by Bruker Daltonics. Bac-
terial species were confirmed five times on five different
days using the direct colony method with MALDI-TOF MS
(Bruker Daltonics, Bremen, Germany). In addition, bacte-
rial protein was extracted according to the manufacturer’s
recommendation. Species identification using the protein
extraction method was also repeated five times on five
different days to confirm identification score reproducibility.
Since the fundamental principle of the MALDI-TOF
MS dendrogram is based on profiling peaks, precision or
reproducibility for isolate identification score is very impor-
tant. For species identification using MALDI-TOF MS, the
method included the𝑚/𝑧 from 3,000 to 15,000Da. For every
spectrum, a maximum of 100 peaks were taken into account
and compared with spectra in the database. A score enabled
the accurate identification and discrimination of the tested
species with a score ≥ 2 validating species identification at the
species level.
2.2. Dendrogram Analysis by MALDI-TOF MS and PFGE.
The MSP profile showing the highest score was selected for
each isolate and was included to construct the dendrogram
using the statistical toolbox in MATLAB 7.1 integrated in the
MALDI Biotyper 2.0 software (Bruker Daltonics). Based on
the principle that identification score reflects the agreement
of the spectra with the standardA. baumannii database entry,
the MSP profile showing the highest score could mean that
the specific spectra represents the most typical aspects of a
certain strain from the database. This selection of the highest
score marking spectra was necessary, especially when highly
similar strains were studied, because several mass spectral
features related to limited reproducibility of the method
might eclipse mass spectral differences between the strains.
Test strain clonality was determined with cut-off values at a
distance of 250 [6].
For PFGE analysis of the 32 isolates, SmaI-digested
genomic DNA was prepared according to the manufacturer’s
instructions (Bio-Rad, Hercules, CA, USA). Fragments were
separated for 20 h at 6.0V/cm at 11∘C using a CHEF-DR II
System (Bio-Rad) with initial and final pulse times of 0.5 s
and 30 s, respectively [14].The pattern was analyzed using the
Fingerprinting II software (Bio-Rad). The cut-off value of 75
was applied for grouping as it was used previously [15, 16].
2.3. Statistics Used to Compare Dendrogram Analysis by
MALDI-TOF MS and PFGE. To compare the two clonal-
ity analysis methods, we numeralized the relatedness and
similarity among the isolates under the consultation of
a biostatistics specialist. Specifically, percent identity and
distance levels provided in the PFGE and MALDI-TOF
MS dendrograms were arithmetically measured, respectively,
instead of arbitrarily setting cut-off values for grouping as
seen in previous studies [5, 6]. Then, relatedness between all
the possible 32 isolate pairs was measured by numerically
quantifying distances at which the specific two isolates were
separated. To compensate the absolute values compared in
different units, a ratio of the distances was used with the first
branching distance being the denominator. Since relatedness
could be obtained by subtracting distances between specific
two isolates, we calculated all relatedness between every
possible combination among the 32 isolates. The Spearman
rank correlation coefficient and dot plot were obtained using
PASWStatistics software (version 18.0, SPSS Inc., Chicago, IL,
USA). All the statistical analyses were confirmed by amedical
statistics specialist.
3. Results
3.1. Isolate Characteristics. All sputum and endotracheal
aspirate specimens satisfied the criteria of acceptable sputum
quality based on a modified Washington and Murray score
system [17]. Characteristics of patients including age, sex,
major diagnosis for ICU admission, and underlying diseases
are shown in Table 1. Although all 32 isolates were defined as
MDRA. baumannii, antibiotic susceptibility test profiles were
slightly different.
3.2. Species Identification by MALDI-TOF MS with Two Dif-
ferent Sample Preparation Methods. With repeated MALDI-
TOF MS identification, 15 isolates showed higher scores by
the direct colonymethod than the protein extractionmethod
among replicated MSP of each strain, whereas 17 isolates
showed higher identification scores by the protein extraction
method than the direct colony method.
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Figure 1: MALDI-TOFMS dendrograms for tested isolates. (a) Comparison between MALDI-TOFMS dendrograms with a cut-off value of
350 using the direct colony method (left) and the protein extraction method (right). (b) MALDI-TOF MS dendrogram of all 64 isolates (32
isolates identified by the two methods) with a cut-off value of 250.
3.3. Dendrograms by MALDI-TOF MS and PFGE. Discor-
dance between the two different MALDI-TOF MS den-
drograms based on different sample preparation methods
(direct colony method versus protein extraction method)
was obvious (Figure 1(a)). With the same cut-off value at a
distance level of 350, the direct colony method generated
five clusters whereas the protein extraction method gen-
erated only two clusters. When all 64 MSP identification
data with maximum scores based on the two preparation
methods in the 32 test strains were put into one dendrogram
(Figure 1(b)), only 37.5% of the isolate pairs were classified
into the same group with a cut-off value of 250 distance level.
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Figure 2: Comparison between PFGE (left) and the MALDI-TOF MS dendrogram using the protein extraction method (right).
PFGE classified the 32 isolates into six groups with a cut-off
value of 75 (Figure 2). The isolates that had identical PFGE
patterns were grouped into different branches based on the
MALDI-TOFMS dendrogram. Among the isolates that were
classified as very close isolates using the MALDI-TOFMS
dendrogram, PFGE band patterns visually showed complete
differences when analyzed using the PFGE interpretation
guideline suggested by Tenover et al. [18].
3.4. Comparison between MALDI-TOF MS Dendrogram and
PFGE. The Spearman rank correlation coefficient was 0.449
(𝑃 < 0.001) between PFGE and the MALDI-TOF MS
dendrogram using the direct colony method and was 0.297
(𝑃 < 0.001) between PFGE and the MALDI-TOF MS
dendrogram using the protein extraction method, which
indicates only slight correlation between them.Measurement
of closeness using dot plots between the isolates showed
no linear correlation (Figure 3). With 20% or 80% as the
cut-off values for acceptable identical or different interiso-
late distances, respectively, 16.1% showed similar relatedness
while 6.1% revealed totally opposite results in comparison
between PFGE and the MALDI-TOF MS dendrogram using
the direct colonymethod (Figure 3(a)).With the same cut-off
values, 14.3% showed similar relatedness while 4.8% revealed
totally opposite results in comparison between PFGE and the
MALDI-TOF MS dendrogram using the protein extraction
method (Figure 3(b)). These data suggest that correlation
between PFGE and MALDI-TOF MS dendrogram results is
not strong.
4. Discussion
Since MALDI-TOF MS is now routinely utilized in clinical
microbiology laboratories in many countries, many studies
have been published emphasizing the advantages of MALDI-
TOF MS. Berrazeg et al. [5] showed that the MALDI-TOF
MS dendrogram, as a promising tool to identify species,
could differentiate betweenMDRKlebsiella pneumoniae clin-
ical isolates according to their phenotypic properties and
epidemiological distribution. However, among a total of 535
isolates,MALDI-TOFMSdendrogramof only 28 isolates was
comparedwithmultilocus sequence typing (MLST). Also, the
arbitrarily set cut-off distances of 500, 180, and 100 could
be questioned, along with the minimum MALDI-TOF MS
identification score criterion of 1.90 thatwas used in the study.
Wang et al. [19] reported interesting findings that
MALDI-TOF MS dendrogram of Streptococcus pyogenes
species matched well with the determination of M serotypes
prevalent in China and was therefore declared suitable for
clonality analysis. However, only one specific cluster was
interpreted as important without further explanation for the
other clusters identified in the study. Hence, they concluded
their study with a statement that advances in MALDI-TOF
MS technology are needed to improve accuracy for species
classification.
Despite these previous studies suggesting that the
MALDI-TOFMS dendrogram could serve as a powerful tool
in clonality analysis [11, 20], this study is the first paper
focusing solely on the dendrogram function of MALDI-TOF
MS compared with PFGE, concluding that it has insufficient
discriminatory power forMDRA. baumannii outbreak strain
analysis. Our study is consistent with a recent finding that
the discriminatory power of MALDI-TOF MS was found
to be insufficient for reliably subdifferentiating Enterococcus
faecium and Staphylococcus aureus isolates to the level of
distinct clones or clonal complexes assessed by MLST [21].
An issue with the comparison of proteomic methods
to genomic methods is that the presence of genotype does
not always correlate linearly with the phenotype. Since
current epidemiological tools for strain classification are
mainly based on genetic features, MALDI-TOF MS could be
outstanding as a proteomic approach for phenotypic analysis.
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Figure 3: Comparison between PFGE and theMALDI-TOFMS dendrogram using the Spearman rank correlation analysis and dot plots. (a)
Comparison between PFGE and the MALDI-TOF MS dendrogram using the direct colony method and (b) comparison between PFGE and
the MALDI-TOF MS dendrogram using the protein extraction method. ∗Statistically significant (𝑃 < 0.001).
When we narrow scope of the research to the utility
of MALDI-TOF MS for A. baumannii species, there are
recent studies that indicate the improved discriminatory
power of MALDI-TOF MS dendrogram to differentiate A.
baumannii from Acinetobacter calcoaceticus complex strains
based on a good identification of A. baumannii species [22,
23]. However, our results focus on the clonality analysis
among the same species, not the same isolates at the genus
level. Spinali et al. [24] showed fairly good correlation
betweenMALDI-TOFMS typing and PFGE for Streptococcus
agalactiae, Streptococcus pyogenes, Streptococcus pneumonia,
and Staphylococcus aureus, but the authors insist that more
work is needed to better define interstrain relationships for
A. baumannii.
We also need to consider the fact that MALDI-TOF
MS sample preparation methods, culture medium type,
centrifuge speed, and even analysis software programs have
not yet been standardized [25].These issues can result in poor
reproducibility for identification scores and even in specific
minor peaks, which could change dendrogram grouping.
Even though protein extraction methods are recommended
for species identification [13], our results suggest that the
direct colony method could produce relatively high identi-
fication scores compared to the protein extraction method.
Interestingly, 62.5% of isolates in the MSP profile using
different sample preparation methods did not cluster into
one group in the MALDI-TOF MS dendrogram, indicating
that MALDI-TOF MS has low reproducibility. There are also
some studies that use individually modified procedures other
than the direct colony method or the protein extraction
method [6, 26]. In addition, types of culture medium were
shown to affect MALDI-TOF MS identification results and
scores in this study. The choice of blood agar could be an
important factor for high score in identification analysis,
because colonies grown on MacConkey agar did not result
in high identification scores.
Here, we propose new measurements of comparison
between clonality analysismethods that could be a remedy for
arbitrary cut-off values used in previous dendrogram studies
provided by MALDI-TOF MS (Figure 3). The comparison
of clonality analysis methods has been based on visual dis-
crimination since grouping cannot be digitized or quantified.
However, the simple and highly applicable method used in
this study could be applied toMALDI-TOFMS dendrograms
aswell as PFGE, because branching points can be highlighted.
TheSpearman rank correlation coefficients of 0.449 and 0.297
(𝑃 < 0.001) with randomly scattered dot plots indicate that
there is no correlation between distances measured from
MALDI-TOF MS dendrograms and PFGE.
There are some limitations to this study. First, only 32
isolates in the ICU outbreak were included in this clonality
analysis. Taking into consideration that such a short period
(42 days) of specimen collection in one ICU was used, the
32 isolates could realistically be a large enough number of
isolates to suspect an outbreak and to be used to investigate
clonality analysis. Secondly, other clonality analysis methods
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such as MLST or whole genome sequencing could be com-
pared with MALDI-TOF MS dendrograms. Since there are
some reports that show discrepancies between PFGE and
MLST [27, 28], this study cannot determinewhetherMALDI-
TOFMS dendrograms will correlate well withMLST. Further
studies comparing various clonality analyses are required.
5. Conclusions
In summary, although MALDI-TOF MS is a promising tool
to identify MDR A. baumannii species in a rapid manner to
recognize an outbreak, our results show that the MALDI-
TOFMS dendrograms could not substitute for PFGE inMDR
A. baumannii clonality analysis. Therefore, the utilization of
MALDI-TOF MS to determine clonality of isolates requires
cautious insight.
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